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Helixor A Inhibits Angiogenesis in vitro Via Upregulation of Thrombospondin-1
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Thrombospondin-1 (TSP-1), a negative regulator in tumor growth and angiogenesis, is cell-type
specifically regulated under pathological conditions or by extracellular stimuli, and the regulation of
TSP-1 gene expression is important for developing new approaches in tumor therapy. Mistletoe is a
parasitic plant that have been used for immunomodulation and antitumor therapy. Helixor A is an
aqueous part of mistletoes extract. Here we showed that TSP-1 expression was significantly induced
at both mRNA and protein levels in the Hepatocarcinoma cell line (Hep3B) and primary bovine
endothelial cell line (BAE) exposed to Helixor A. Our promoter analysis confirmed that the expression
of TSP-1 gene was regulated by Helixor A at the transcriptional level. In cell invasion assay, the
conditioned media obtained from treatment of these cells significantly reduced the number of invasive
cells and also inhibited capillary-like tube formation of BAE cells on Matrigel. Moreover, the
inhibitory effects of the conditioned media on cell invasion and tube formation were reversed by
blocking with anti-TSP-1 neutralizing antibodies, suggesting that TSP-1 is involved in Helixor
A-induced antiangiogenic effect. Taken together, our results suggest that Helixor A have an

antiangiogenic effects through upregulation of TSP-1.
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New blood vessel formation (angiogenesis) is an essen-
tial process in various physiological and pathological con-
ditions including wound healing, tissue remodeling, chron-
ic inflammatory disease and tumorigenesis[6]. The angio-
genic processes are tightly regulated by a balance between
negative and positive regulators during formation of blood
vessel[7]. Unbalance between negative and positive factors
for angiogenesis is considered a hallmark of the malignant
process whereby proangiogenic mechanism overwhelm or
circumvent negative regulators of angiognenesis[8].

The negative regulators of angiogenesis includes thro-
(TSP-1), angiostatin and endostatin.
Among them, TSP-1 was first discovered in 1971 as a 450
kDa protein that is released from thrombin-stimulated pla-
telets[1]. Although the effects of TSP-1 on tumorigenesis

and angiogenesis are controversial, an increasing evidence

mobospondin-1

has shown that TSP-1 acts as a negative regulator in solid
tumor progression and neovascularization[10,11,19]. For ex-
ample, transfer of TSP-1 ¢DNA into a human breast carci-
noma cell line suppresses primary tumor proliferation,
metastatic potential, and angiogenesis[15].

Helixor A is an aqueous extract containing lectins, visco-
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toxins, and alkaloids isolated from fresh mistletoe growing
on different host trees like apple, oak, and pine[2].
Recently, an interesting report has documented that mis-
tletoe extracts repressed tumor proliferation and angio-
genesis[20]. Hence, mistletoe extracts is used for all types
of cancer, as either palliative treatment for a better quality
of life, or as an adjuvant therapy for prevention of relapse.
It is also used in combination with traditional chemo-
therapy where its therapeutic goal is a better tolerance of
chemotherapeuic drugs, and a reduction in bone marrow
toxicity[17]. The mode of action, is immuno-modulation at
low doses, and inhibition of cancer by apoptosis at high
doses[3]. Specific effects of mistletoe extracts on the im-
mune system and its actual mechanism underlying the
suppression of tumor growth have so far not been un-
equivocally elucidated.

In present study, we tested the possibility that anti-tu-
mor activity induced by Helixor A could be mediated via
upregulation of TSP-1 expression in hepatocarcinoma cell
line (Hep3B) and bovine endothelial cell line (BAE). We
found that Helixor A remarkably induced the expression
of TSP-1 at both mRNA and protein levels via activation
of TSP-1 promoter. The increased level of TSP-1 by Helixor
A treatment inhibited cell invasion in both cells, and tube
formation in BAE cells, which is confirmed by blocking the
antiangiogenic action of TSP-1. Therefore, these results pro-
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vide data that TSP-1 acts as an important negative media-
tor in the Helixor A-induced antiangiogenesis.

Materials and Methods

Materials

Minimum Essential Media (MEM) were purchased from
Gibco BRL (Grand Island, NY). LipofectAMINE was pur-
chased from Invitrogen (Rockville, MD). Helixor A was ob-
tained from Boryung Co. (Seoul, Korea) and diluted to a
50 mg/ml stock before use. 3-(4, 5-dimethylthiazol-2-yl) 2,
5-diphenyl-tetrazolium bromide (MTT) were from Sigma
(5t Louis, MO). TSP-1 antibodies were from NeoMarkers
(Fremont, CA). The ECL western blotting detection kit was
from Amersham Biosciences (Arlington Height, TII).
Matrigel was purchased from BD Biosciences (Palo Alto,
CA). Transwell was purchased from Costar (Cambridge,
MA).

Cell culture and Helixor A Treatment

BAE cells (passage 8~14) were cultured in MEM sup-
plemented with 5% heat-inactivated fetal bovine serum
(FBS), penicillin (100 U/ml), streptomycin (100 ng/ml), and
20 mM HEPES. Human hepatocarcinoma cell line, Hep3B
cells were grown and maintained in Dubecco’s modified
Eagle’s medium (DMEM) supplemented with 10% heat-in-
activated FBS and antibiotics. Cells were maintained in a
humidified incubator at 37°C with 5% CO,. For Northern
or Western blot analysis, cells were seeded in a 35-mM di-
ameter-dishes at a density of 1.5x10° cells/ml for 24 h, and
further cultured in the serum-free media for 16 h. Cells
then were treated for various time periods with varying
concentrations of Helixor A dissolved in DMSO.

Concentration of conditioned medium

Cell-free supernatant obtained from serum-free culture
media was concentrated as previously described with mi-
nor modifications[12]. Briefly, cells at 80% confluency were
serum-starved for 24 h, and treated with or not Helixor A.
At various time points, the cultured media were collected,
centrifuged (5000xg, 15 -min, 4} to remove cell debris,
and were concentrated up to 5-fold by using a centricon
membrane (MW 50.000 cutoff, Amicon, Lexington, MA).
The concentrated samples were stored at -707C before use.

Northern blot analysis
Total RNA from confluent cells was extracted using

STAT-60 (Tel-Test Inc., Friendswood, Tex). RNA samples
were separated by electrophoresis in 1% formaldehyde-
agarose gels. The RNA was transferred in 20xSSC onto ny-
lon membrane (Schieicher and Shuell, Dassel) by capillary
action and UV cross-linked with a Stratalinker UV light
source (Stratagene, La Jolla, CA). TSP-1 probe was the
DIG-11-dUTP labeled ¢DNA generated by standard PCR
method (Boehringer Mannheim, Mannheim). Blots were
prehybridized at 55C for 1 h and incubated with the hy-
bridization solution containing the DIG-labeled TSP-1
probe at 557 overnight. The Blots were then washed twice
in 2x55C, 0.1 % SDS at room temperature and then twice
in 0.1x58C, 0.1 % SDS at 60°C. The membrane was devel-
oped by an immunochemical method using DIG chem-
iluminescent  detection kit
Mannheim).

{Boehringer: - Mannheim;,

Western blot analysis

Protein contents were quantified by the bicinchronic
acid method using BCA protein assay reagent (Pierce,
Rockford, IL). Aliquots of the 20 pg of protein solution
were boiled in 1 X Laemmli sample buffer and separated
on 8% SDS-PAGE. After the migrated proteins were elec-
trophoretically transferred to nitrocellulose membrane
(Schleicher and Shuell, Dassel), the membrane was blocked
by incubating with 5% nonfat dried milk in Tris-buffered
saline containing 0.1% Tween 20 (TBS-T) overnight at 4.
The membrane was probed with monoclonal anti-TSP-1
mouse antibody diluted 1:1000 in TBS containing 3% non-
fat dried milk for 1 h at room temperature, and then wash-
ed three times with TBS-T. The washed membrane was in-
cubated with 1:1000 dilution of peroxidase-conjugated an-
ti-mouse immunoglobulin antibody (Sigma, St Louis, MO)
in TBS containing 3% dried nonfat milk for 1 h at room
temperature. The antisera-treated membrane was washed
three times with TBS-T and immunocomplex was vi-
sualized by enhanced chemiluminescence using the ECL
kit.

Cytotoxicity Assay

Cell cytotoxicity was determined by MTT assay. Cells
were seeded at varied density in a 96-well plate culture
overnight and serum-starved for 24 h. Then, dose-depend-
ency of Helixor A was examined. A final media volume
were adjusted to 200 pl. After incubation of 24 h, 200 ng/
n¢ MTT reagent of final concentration was added to each
well. Three hours later, MTT crystals were dissolved with



DMSO. The Liquid layer was collected and its absorbance
was measured at 490 nm.

Construction of reporter plasmid containing TSP-1
promoter

The 2774 bp TSP-1 promoter region (-2200 to +754) was
isolated by PCR with rTth DNA polymerase, XL (PE
Applied Biosystems, Foster city, CA) from genomic DNA
of Hep3B cells using the following primers : forward pri-
mer 5-GAGGAAGGGCTTTGTGTTTGAGATA-3 and re-
verse primer 5-GATCCTGTAGCAGGAAGCACAAG-Y. To
generate restriction enzyme sites, the forward primer with
Kpn [site and reverse primer with Xho [site at each 5’
end, respectively, was commercially synthesized (Bioneer,
Inc.,). PCR was performed for 30 cycles with a condition:
94°C for 5 min, 94°C for 30 sec, 50C for 30 sec, 72°C for
3 min, followed by a final extension step at 72°C for 5 min.
Amplified PCR-product was digested with Kpn / and Xho
I. The resulting fragment was then introduced in front of
a luciferase gene of the pGL3 Basic vector cleaved with
Kpn I and Xho I (Promega, Madison, WI).

Transient transfection and Luciferase assays

Cells were seeded in 12-well plates at 1x10° cells/well,
and incubated for 24 h. Prior to transfection, the cells were
cultured in 0.4 ml of Opti-MEM (Gibco BRL). DNA con-
structs (1 pg) in 50 ul Opti-MEM solution were incubated
with 5 pl of Plus reagent (Invitrogen, Carlsbad, California)
for 15 min at room temperature. Following 15 min in-
cubation at room temperature, 50 pl Opti-MEM solution
containing 3 pl LipofectAMINE (Invitrogen, Carlsbad,
California) was then added to the solution of DNA con-
structs-Plus reagent complexes, and the mixture was in-
cubated at room temperature for an additional 30 min.
Then, each well was exposed to the DNA mixture, and in-
cubated at 37°C for 4 h. One milliliter of the media con-
taining 10% FBS was then added to each well and the cells
were incubated overnight at 37°C. The next day, the trans-
fected cells were treated with 200 ng/ml Helixor A and in-
cubated for 24 h prior to the determination of promoter
activty, Cell lysates were prepared by extraction with 100
ul of reporter lysis buffer (Promega, Madison, WI).
Luciferase (LUC) activity was measured using a TD-20/20
luminometer (Turner Designs, Sunnyvale, CA). The lucifer-
ase activity was normalized by protein concentration for
transfection efficiency.
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Chemotactic invasion assay

The migration and invasion of the cells were performed
in vitro using a 48-well Boyden chamber system with 8 pm
-pore polycarbonate filter inserts. The lower side of the fil-
ter was coated with 10 ul of type T collagen (0.5 mg/ml)
and air dried for 1 h. The upper side was coated with 10
il Matrigel (0.5 mg/ml). Cells (1x10° cells/ml) and con-
ditioned media (50~100 pl) were placed in the upper part
of the filters. In oder to examine the effects of TSP-1, TSP-1
neutralizing antibodies (Ab-9) were placed in the upper
compartment. To confirm whether the activity of TSP-1 an-
tibodies were generated by nonspecific effect, mouse IgG
antibodies were also used here. The cells were incubated at
37C for 8 h or 12 h and then fixed with methanol fol-
lowed by staining with hematoxylin. The invasion and mi-
gration of cells were determined by counting the whole
cell number in a single filter using optical microscopy at a
x 40 magnification. Each sample was assayed in duplicate
and the experiment was repeated twice independently.

Capillary-like tube formation assay

100 pl of Matrigel (10 mg/ml) was polymerized for 1 h
at 37°C. Cells were trypsinized and plated into Matrigel-
coated 48-well plates with a cell density of 1x10° cells/ml
in serum-free MEM medium. Then, conditioned media (50
~100 ul) were added and incubated for 12 h. To neutralize
the TSP-1 effect on the capillary-like tube formation, the
specific TSP-1 antiserum (Ab-9) was added to the con-
ditioned media treated cells. In addition, nonspecific
mouse IgG antibodies were also used to test whether the
inhibiting effect on tube formation were caused by TSP-1
induced specific activity. Morphologic changes of cells
were photographed at x 40 magnification.

Statistical analysis

Data are presented as mean values + S.D. and P values were
determined using unpaired Student’s # test. P< 0.05 was ac-
cepted as statistically significant.

Results

Helixor A has no cytotoxic effect on BAE and
Hep3B cells

We tested whether Helixor A affected cell viability by
its cytotoxicity. Helixor A at various concentrations was
applied to the both cells and the its cytotoxicity was meas
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ured by MTT assay. Helixor A exerted no effect on the via-
bility of BAE cells (Fig. 1A) and Hep3B cells (Fig. 1B) for
24 h at any doses tested. Therefore, the optimal conditions
were set to be at 5~500 ng/ml and for 24 h. All experi-
ments were performed in this conditions hereafter.

Helixor A increases TSP-1 expression in BAE
and Hep3B cells

Since it has not been reported that Helixor A regulated
the expression of TSP-1, we first examined the effect of
Helixor A on the expression of TSP-1 in primary bovine
aortic endothelial and human hepatocarcinoma cells. Cells
were treated with Helixor A at the indicated concen-
trations and time periods, respectively, as described in Fig
1. The levels of TSP-1 mRNA and protein were determined
by Northern Blot and Western analysis, respectively.
Helixor A enhanced the TSP-1 expression in a time de-
pendent manner; TSP-1 mRNA started to increase at 3 h
and reached a maximum level at 12 h, and thereafter was
sustained at the significant amount for 24 h in BAE cells
and Hep3B cells (Fig. 2A). Because TSP-1 protein is synthe-
sized and secreted into extracellular environment, the se-
creted form of TSP-1 was analyzed using the supernatant
obtained from defined culture media (CM). In a similar to
mRNA kinetics, TSP-1 protein began to increase within 6
h and reached its peak level at 24 h in Helixor A-treated
culture media (Fig. 2B). These results indicated that
Helixor A increased the synthesis and secretion of TSP-1
protein in BAE cells and Hep3B cells.

Helixor A increases TSP-1 expression via the
activation of TSP-1 promoter in BAE and Hep3B cells
The regulation of TSP-1 expression has been demon-
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strated to be occnred predominantly at transcriptional
level. Thus, we investigated the effect of Helixor A on the
activity of TSP-1 promoter. The promoter region (-2200~
+754) of the TSP-1 gene from genomic DNA of Hep3B cells
were isolated, and it was cloned into Xho I and Kpn I
sites on promoterless pGL3 Basic plasmid, which is up-
stream of the-luciferase report gene. The constructs of
TSP-1 promoter was transiently transfected into BAE cells
(Fig. 3A) and Hep3B cells (Fig. 3B), and determined lucifer-
ase activities. Both cells transfected with pTSP-2200 repoter
construct showed 2-fold activation by Helixor A as com-
pared to its control, pGL3 basic backbone plasmid. These
results..are in parallel with-ether studies.that TSP-1 gene
expression was mainly controlled through the transcrip-
tional regulation[12].

TSP-1 upregulation by Helixor A inhibits cell
invasion in BAE and Hep3B cell

To investigate the effect of Helixor A-induced TSP-1 on
cell invasion prerequisite process for angiogenesis, the che-
mokinetic invasion models were used. We carried out cell
invasion test using a modified Boyden chamber invasion
assay. BAE cells (Fig. 4A and B) and Hep3B cells (Fig. 4C)
suspensions wete loaded -into upper chamber and immedi-
ately treated with each of the cell-free conditioned media
cultured with BAE and Hep3B cells for 24 h. Then, the
Transwell chamber was incubated at 37C for 8-10 h. After
the incubation-to-allow cells to migrate into outer men-
brane of upper -chamber basement, the basement mem-
brane was stained with hematoxylin dye and the number
of migrated cells was counted. As shown in Fig. 4.
Helixor-A treated conditioned media remarkably reduced
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Fig. 1. The effects of Helixor A on cell cytotoxicity in BAE and Hep3B cells. Effect of Helixor A on cell viability was examined
by MTT assays for BAE (A) and Hep3B (B) cells seeded at the density indicated. After cultured for 18h, cells were se-
rum-starved for 24 h and treated with various concentrations of Helixor A for an additional 24 h prior to performing MTT
assay. DMSO was also used to evaluate the effect of solvent for dissolving Helixor A. Data were expressed as mean +S.D.

of three independent experiments.
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Fig. 3.
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Helixor A-induced upregulation of TSP-1 expression in a dose-dependent and a time-dependent manner in BAE and
Hep3B cells. Cells were serum-starved for 24 h, and then treated with the indicated concentrations of Helixor A(200ng/ml)
or DMSO for 24 h. (A) Northern blot analysis. Total RNAs were extracted form cells at the indicated time periods, electro-
phoresed on 1% agarose gel, capillary transferred to nylon membrane, and subjected to Northern blotting. The blot was
hybridized with Digoxigenin-labeled TSP-1 ¢cDNA probe. The same blot was stripped and reprobed with Digoxigenin-la-
beled GAPDH ¢DNA probe. (B) Western blot analysis. Proteins (20 ng/lane) from Whole cell conditioned media were sep-
arated on 8% SDS-polyacrylamide gel and analyzed by Western blot with mouse anti-TSP-1.
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Effect of Helixor A on activity of human TSP-1 promoter. Transient transfection studies of TSP-1 luciferase promoter construct
in (A) BAE cells and (B) Hep3B cells, respectively. After twenty four hours following lipofectamin-mediated transfection of
reporter plasmid containing luciferase gene with TSP-1 promoter {1 pg) into cells, the cells were left untreated or treated
with Helixor A or DMSO for an additional 18 h prior to determining luciferase activity. Cotransfection of pCMV-B-gal (0.1
ug) plasmid was used to control for transfection efficiency. The data represent the mean+S.D. of the four independent experi-
ments in promoter assay. *P<0.05 was doubly checked as Helixor A-treated group versus untreated or DMSO-treated group.

the invasion of cells by 40 % compared to the untreated ized the secreted TSP-1 with anti-TSP-1 antibodies and ex-
conditioned media. Next, to determine whether the se- amined the effect of the conditioned media devoid of anti-

creted

TSP-1 from the Helixor-A treated conditioned media angiogenic activity of TSP-1. As shown in Fig. 4, the in-

exerted negative effect on the invasion of cells, we neutral- hibitory effect of Helixor A on chemotaxicity of BAE cells
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Fig. 4. Inhibition of cell invasion by Helixor A-induced TSP-1. A modified boyden chamber assay was used to examine the effect
of Helixor A on cell invasion. Suspended cells were untreated or treated with Helixor A or DMSO CM, placed in the upper
chamber, and allowed to invasive for 8~10 h to lower chamber containing 10% FBS as invasion inducer. For neutralization
of TSP-1, cells were incubated in upper chamber following a combined treatment with Helixor A CM and neutralizing
anti-TSP-1 antibodies (10 pg/ml) (A). BAE (B) and Hep3B (C). Cell invasion was expressed as relative fold to that of un-
treated control group. (A) The representative photographs of BAE cells taken at x 40. CM, conditioned media. *P<0.05 was
determined as Helixor A-treated group versus con or DMSO group. #P<0.05 was determined as neutralizing TSP-1 anti-

body-trented roup versus Hel(CM100) group.

were also significantly blocked by TSP-1 neutralizing
antibodies. Hence, TSP-1 might be a major mediator in
Helixor A-stimulated BAE cell and Hep3B cell invasion.

Helixor A-upregulated TSP-1 inhibits capillary-
like tube formation in BAE cell

The capillary-like tube formation has been considered as
an important phenomenon of angiogenesis in vitro and in

vivo. By using the Matrigel tube formation assay, we exam-
ined the effect of Helixor A-induced TSP-1 on angiogenic
abilities of BAE cells (Fig 5). BAE cells were seeded on the
surface of Matrigel, and then incubated in the presence of
100 14 CM of Helixor A-pretreated BAE cells for 24 h. The
morphological changes were photographed at the indicated
time. As shown in Fig. 5, Hel (CM50) and Hel (CM100)
group, respectively, the cells treated with 50 or 100 ul CM
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Fig. 5. Helixor A-upregulated TSP-1 inhibits capillary-like tube formation in BAE cells. BAE cells were plated on Matrigel-coated
48 well plate at a density of 1x10° cells/ml with or without Helixor A (200 ng/ml) pretreated CM. For neutralization of
TSP-1 action, Helixor A-pretreated CM and 10 pg/ml TSP-1 neutralizing antibodies were added to cells. Cells were in-
cubated for 12 h and morphological changes were determined. Morphology of cells was photographed in a inverted micro-

scope (x 40).

significantly inhibited formation of tube-like structures,
which was assessed by the reduced net-like structures
compared to untreated control group. These results in-
dicate that Helixor A plays an important role in anti-
angiogenic process.

To further investigate the specific role of the induced
TSP-1 in Helixor A-induced antiangiogenesis. We used
neutralizing antibodies against TSP-1 to test whether TSP-1
was directly involved in the antiangiogenesis Helixor A
provoked. While nonspecific antibody (IgG) did not influ-
ence the inhibitory of the conditioned media on tube for-
mation, TSP-1 neutralizing antibodies remarkably recov-
ered the Helixor A-induced inhibitory effect on angio-
genesis, as was evident in that the morphology of net-like
structure from group treated with anti-TSP-1 was com-
parable to that from the untreated control (Fig. 5, Con (CM
100) versus Hel (100)+TSP-1 Ab group). These results sug-
gested that TSP-1 protein induced by Helixor A treatment
plays as an important mediator in capillary-like tube
formation.

Discussion

Angiogenesis, the formation of new blood vessels, is re-
quired for many pathologic processes, including invasive
tumor growth as well as physiologic organ/tissue
maintenance. It is evolved through a complex multifactor

process that involves interaction of pro-angiogenic and an-

ti-angiogenic signals from tumor, endothelial and stromal
cells. Among several molecules controlling angiogenesis,
Vascular endothelial growth factor (VEGF) and TSP-1 ap-
pear to be most relevant. Acummulating evidence indicate
that VEGF is a key activator of angiogenesis [5] and TSP-1
is a primary endogenous inhibitor of angiogenesis[14].

Helixor A, aqueous mistletoe extracts, are widely used
in complementary cancer therapy in addition to major can-
cer therapy. A number of components with different possi-
ble effects were isolated: lectins, viscotoxins, alkaloids, etc.
According to numerous preclinical and in vitro studies the
mistletoe extracts have immunomodulatory[9,18], cytotoxic,
apoptotic and anti-angiogenic effects[16]. So far, specific ef-
fects of Helixor A on the immune system and its actual
bearing on the tumour process have not been un-
equivocally elucidated.

In this study, we first tested the effect of Helixor A on
TSP-1 expression in BAE cells and Hep3B cells and eval-
uated a role of Helixor A-induced TSP-1 in the cell motility
and angiogenesis. In both cells Helixor A upregulated
TSP-1 expression in both mRNA and protein levels in a
dose-and time-dependent manner (Fig. 2). In our dose-de-
pendency assay, we found that the minimum dose for in-
duction of TSP-1 mRNA was 50 ng/ml for BAE and 100
ng/ml for Hep3B cells, respectively, although the secreted
TSP-1 protein levels were still maintained at a maximum
in both cells at 500 ng/ml of Helixor A. This concentration
(500 ng/ml) of Helixor A, at which concentration Helixor
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A was maximally effective in BAE cells, did not show the
stimulatory effect on mRNA level in Hep3B cells. These
findings suggest that maximum. or optimal concentration
for induction of TSP-1 is different among cell types [4].
This study also observed that the continuous increase in
mRNA level up to 24 h was well correlated with sub-
sequent enhanced secretion of TSP-1 protein into culture
medium in both cells. These results are consistent with
previotis reports that enhanced secretion of TSP-1 was con-
comitant with increased mRNA level[12]. Therefore, it is
quite possible that Helixor A increases the secretion of
TSP-1 protein by modulating TSP-1 gene expression.

Our promoter analysis demonstrated that TSP-1 was
markedly induced at the transcriptional level (Fig 3). The
promoter of the TSP-1 gene contains multiple putative
cis-elements for interaction with trans-acting factors in re-
sponse to different extracellular stimuli. Since Helixor A
contains several components such as lectins, viscotoxins
and alkaloids, it is possible that various portions on the
promoter were involved in the regulation of promoter
activity. Thus, it is essential to determine the effect of each
single component on the TSP-1 expression in the future
study.

Helixor A-induced TSP-1 suppressed the invasive migra-
tion of Hep3B and BAE cells and capillary like tube for-
mation of endothelial cells. In addition, the Matrigel sys-
tem is one of the reliable models to assess angiogenesis in
vitro. We revealed that the conditioned media treated BAE
cells lead to an inhibition in chemotatic motility and the
capillary-like tube formation (Fig 4 and 5). Moreover, our
data were further supported by using TSP-1 neutralizing
antibodies that TSP-1 antibody recovered Helixor A-in-
duced antiangiogenesis. Since Helixor A is a complex con-
taining various components, its physiological function is a
combined effect resulting from competing between neg-
ative and positive factors in the Helixor A. Interesting, the
final effect induced by Helixor A was disposed toward
antiangiogenesis. Therefore, the antiangiogenic activity can
be maximized by the isolated single component having an-
tiangiogenic property.

In summary, our findings represents that Helixor A in-
duces the TSP-1 expression in TSP-1 mRNA and protein
levels. The induction by helixor A occurs at the tran-
scription level. The upregulation of TSP-1 expression by
Helixor A inhibits cell invasion and capillary-like tube for-
mation, which is reversed by blocking TSP-1 activity with

TSP-1 neutralizing antibodies Hence, Helixor A-induced
antiangiogenic effect is caused by specific activity of TSP-1.
Thus, our results suggest that Helixor A induced anti-
angiogenic effects be mediated by increasing of TSP-1, an

antiangiogenic’ factor.
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